Abstract-This paper studied a localization problem for a mobile robot, based on chirp spread spectrum (CSS) indoor localization. This problem in localization is caused by the multi-path effect. The multi-path effect error is difficult to correct because the environment cannot be predicted. To solve the multi-path effect error problem, this paper proposes a pattern matching method. The pattern matching method estimates position by using the fact that data measured for nearby positions is highly similar. To gain high localization accuracy we used the extended Kalman filter (EKF) to fuse the results of localization using pattern matching and dead reckoning. 
I. INTRODUCTION
Localization studies can be divided into outdoor localization and indoor localization. In outdoor localization, GPS is often used, but GPS cannot be used for indoor localization, as the robot usually cannot communicate with satellites. For this reason, many new studies of indoor localization are in progress, but so far, there is no obvious solution for indoor localization. The following table shows some typical approaches:
This paper proposes a CSS-based indoor localization system. It can be used in a wide variety of indoor environments. Typically, CSS-based indoor localization has multi-path effect problems. This was handled in previous studies such as using median filter algorithm or directional antenna to remove errors generated from multi-path effect, but this problem is not solved yet. The contributions of this work include a pattern-matching algorithm, which uses the characteristics of multi-path.
II. SYSTEM USED FOR RESEARCH

A. CSS-based Localization 1) CSS
The CSS is a signal in which the frequency increases or decreases with time. Due to these characteristics, CSS is robust to noise from interference. CSS is used for localization because of this characteristic. However, CSS Manuscript received July 1, 2012; revised December 9, 2012. has problems that cause errors in measured distance data. Equation 1 is an equation of CSS [8, 9] . TOA uses a method of time arrival to calculate the distance. This approach is very important for synchronization between devices because this method uses the speed of light. However, it is technically difficult to synchronize. An alternative method is SDS-TWR, which is a way of measuring communication time accurately between devices. This time includes the flight time of propagation and signal processing time. Since signal-processing time can be measured, the flight time of propagation can be known. Using the speed of light, the distance between devices can be determined by knowing the flight time of propagation. Fig. 1 and equation 2-5 show SDS-TWR [10] , [11] . 
B. Robot System
One CSS-based indoor localization system is NEXBEE made by Corebell. Maximum distance measurement performance of this system is 70 m. A measured position error is 2m. Fig. 2 shows NEXBEE. The mobile robot in this experiment is a skid steering vehicle. A skid steering vehicle is compact, light, requires few parts to assemble and is agile. Skid steering vehicle motion differs from obvious steering motion in the way the skid steering vehicle turns. Fig. 3 is the mobile robot used in the experiment. Table 2 shows the characteristics of the mobile robot. The robot parameters are used to determine the robot motion. 
A. Method of Triangulation and a Least-square Method
CSS-based localization provides distances between a tag and anchors. The simplest method of localization is triangulation-calculated position using more than three distances between devices. These distances are between anchors to know position and tag. Fig. 4 represents triangulation. The distance is not correct since it is influenced by device noise and multi-path errors. For this reason, measured distances are longer than real distances. Calculated results do not converge at a point by inaccurate distance data. We need a least-squares method to overcome this problem.
This algorithm is simple and has a short processing time because the equation for localization is not complicated. The more multi-path errors that are added to the distance, the more inaccurate the positions are.
The following result is from experiments in localization on the rooftop of the fourth engineering building in Chung-Nam National University (Fig. 5) . The method is as follows: First, we arrange anchors in planned positions. The tag is in a position that we know. Fig. 6 is the position of a tag. Fig. 7 is the result of the experiment. 
B. Pattern Matching Interpolation Method
Localization by triangulation is problematic. This system would lead to multi-path effect errors. Accordingly, it is necessary to develop a new localization method. This paper proposes a new localization method, which is pattern matching. The pattern-matching method is an interpolation to locate the nearest data value, and assign the same value as an interpolation. At this point, used data is eight distances data of between tag and anchors. This pattern-matching method is a very simple algorithm. As the position is estimated by interpolation, standard data is needed. When standard data is measured, we must know the location of the standard data, and it must be measured in every part evenly (Fig. 8) . The following step compares standard data with measured data in the coordinates where you want to know position of a tag. A method to compare two kinds of data such as standard data and measured data is to use matrix norm. The value by norm shows similarity between standard data and measured data. This similarity is used for interpolation. Fig. 9 is the results of the experiment in the same environment as Fig. 6 . This result is the mean of 100 experiments. While the error of triangulation is about 0.7 m, the error of pattern matching is about 0.05 m. It confirms that pattern matching has better performance than triangulation. This performance is determined by multi-path errors. The multi-path effect is affected by a spatial structure where a mobile robot is moving in an indoor environment. Pattern matching is advantageous in localization.
IV. EKF-BASED MOBILE ROBOT LOCALIZATON
A. Explain of Localization Experiment
This paper proposes a localization method for a mobile robot. We planned an experiment to demonstrate the performance of the localization method. First, we needed to compare data from the true path of the mobile robot. We determined true path using a laser tracker. Fig. 10 is a laser tracker. We chose a typical office environment for the experiment. Fig. 11 shows the actual experiment. We found that the true path to follow at the beginning of the localization of dead reckoning. However, due to the characteristics of dead reckoning, errors accrue in localization. As a result, the longer the distance is, the greater the localization deviation from the true path becomes [12] . Fig. 13 shows how we used EKF to fuse the results of triangulation and dead reckoning. Triangulation results showed lower performance than the result of dead reckoning, because of the localization issues.
Fig. 14 is the result of EKF to fuse the results of pattern matching and dead reckoning. As a result, the result of EKF with pattern matching is more accurate than dead reckoning. This method has better performance over longer distances. V. CONCLUSION Conventional triangulation shows low performance because localization is affected by multi-path effect error. In this paper, we developed a new localization method to improve localization performance. The new method is a pattern-matching method that uses the measured data from the nearest position, which has similar characteristics. We verified which new method was better than conventional method through Experiments using a robot. The pattern-matching method is robust to multi-path error effects.
For further work, we will solve the problem of multipath effect error referred in this paper by applying a probabilistic method.
